Introduction
Understanding the cost of health-care delivery is essential for guiding resource allocation decisions that have direct implications for patient care and health outcomes. 1 Optimizing resources available for patients is particularly important in low-resource settings. In these settings, tough decisions are unavoidable as human and financial resources allocated to one particular programme necessarily, if implicitly, reduces the availability of resources for other programmes.
Health ministries need valid information on conditionspecific costs and patient outcomes to make informed resource allocation decisions and cost-benefit trade-offs. For example, robust evidence exists that human immunodeficiency virus (HIV) health-care delivery by nurses and lay workers, rather than doctors, is a cost-saving mechanism that improves access to treatment and with only minimal adverse effects on patient outcomes. 2 A range of other, broader cost-benefit trade-offs is also inherent in many health policy decisions. Such as, to reach more people, policy-makers may prioritize urban over rural populations, 3 emphasize curative over preventative care 4 and focus on infectious rather than noncommunicable diseases. 5 Traditional costing approaches typically measure costs at the departmental level through top-down allocation procedures. They do not provide accurate patient-level cost information and are not based on service delivery processes. 6 For example, the management accounting system for hospitals, 7 allocates aggregated expenditures to cost centres such as transportation, information technology, equipment and security.
These costs, in turn, are distributed to medical services such as women's health, pharmacy and radiology, with unit costs estimated by dividing service-level costs by the number of patients seen or service units delivered.
This approach is adequate for understanding programmatic costs and major cost drivers, and to calculate an average cost per patient or per service. 8, 9 However, it fails to capture whether, how and why clinical processes, activities and protocols vary from one patient to another, including among patients who present with the same condition. 10 Nor does the approach give information about the actual mix of resources used to treat individual patients. Traditional cost methods simplistically assume homogeneity across patients and providers. However, evidence indicates that clinical care is highly idiosyncratic and that variation can sometimes serve a purpose, such as to customize care for a patient's comorbidities and medical history. 11 Equally important, such methods do not link practice variations to variation in patient outcomes. Such information is critical for informing the hospital administration about staffing and delivery of day-to-day health-care services.
To reduce variation in resource use that does not contribute to patient outcomes, the time-driven activity-based costing approach takes the patient, not a clinical department, as the unit of analysis. 12 The approach enables hospital administrators to understand the total costs of all the resources used for patient care. The cost data inform process improvement, staffing and other resource allocation decisions, ultimately leading to improved patient outcomes. 13, 14 By following the resources used, the approach provides a detailed breakdown Objective To evaluate the implementation of a time-driven activity-based costing analysis at five community health facilities in Haiti. Methods Together with stakeholders, the project team decided that health-care providers should enter start and end times of the patient encounter in every fifth patient's medical dossier. We trained one data collector per facility, who manually entered the time recordings and patient characteristics in a database and submitted the data to a cloud-based data warehouse each week. We calculated the capacity cost per minute for each resource used. An automated web-based platform multiplied reported time with capacity cost rate and provided the information to health-facilities administrators. Findings Between March 2014 and June 2015, the project tracked the clinical services for 7162 outpatients. The cost of care for specific conditions varied widely across the five facilities, due to heterogeneity in staffing and resources. For example, the average cost of a first antenatal-care visit ranged from 6.87 United States dollars (US$) at a low-level facility to US$ 25.06 at a high-level facility. Within facilities, we observed similarly variation in costs, due to factors such as patient comorbidities, patient arrival time, stocking of supplies at facilities and type of visit. Conclusion Time-driven activity-based costing can be implemented in low-resource settings to guide resource allocation decisions. However, the extent to which this information will drive observable changes at patient, provider and institutional levels depends on several contextual factors, including budget constraints, management, policies and the political economy in which the health system is situated.
of each clinical activity, including the variation in time from one patient to the next and the use of specific personnel, equipment, supplies and space at each step of the care cycle. 15 To display the actual service experiences, data collectors inductively construct process maps from the resources used. Fig. 1 presents an illustrative process map for a routine HIV-patient visit at Lacolline, a primary-level health facility in Haiti.
The study implementated timedriven activity-based costing analysis in five outpatient departments of healthcare facilities in Haiti, conducted by Partners In Health and Zanmi Lasante. This analysis was done to inform resource allocation decisions, provide a basis for cost-effectiveness analysis and consider novel financing mechanisms for broadening access to health care.
Methods

Local setting
Haiti is a low-income country and has an average annual gross domestic product (GDP) per capita of 818 United States dollars (US$). 16 The health ministry's operational budget is less than 2% of GDP 17 and, typically, poor residents pay over a third of their health expenditures out of their pockets. 18 Since the 2010 earthquake, where more than 150 000 Haitians lost their lives, 19 Haiti's health system has been severely constrained. Not only did morbidity and mortality levels increase by the earthquake, the subsequent displacement of approximately 1.5 million Haitians also made these individuals vulnerable to opportunistic infections and susceptible to malnutrition. 20 Shortly after the earthquake, a widescale cholera epidemic erupted, which continues to present day. 21 Partners In Health and its sister organization in Haiti, Zanmi Lasante, is one of the largest health-care providers in the country. Partners In Health collaborates with the health ministry to deliver health-care services to over 1.2 million Haitians living in the Central Plateau and Lower Artibonite, just to the north of Port-au-Prince.
Set-up
Partners In Health, in collaboration with the local health ministry, proposed to conduct time-driven activity-based costing analysis at five health facilities throughout its provider network, ranging from a primary-health centre with no inpatient ward to a district-level hospital with over 50 beds. The facilities were located from the country's eastern border to the west coast. This enabled the project to examine whether cost variation could be attributed to geographic and cultural diversity. Because Partners In Health works in particularly rural areas of the country, we conducted the approach knowing that survey instruments could be adapted for a similar cost exercise in urban areas like Portau-Prince, using local translation and simple didactic tools. However, some of the implications of the findings may vary as a function of these differences. For example, in rural areas the supply chain is weaker and access to care is worse, 22 which may increase patient incentive to seek care at local traditional healers in such areas.
Partners In Health selected to study a set of outpatient services based on two criteria. First, the service should be high-volume so that the project would capture the preponderance of care delivered by the organization. Second, the service should be high-priority for the organization, which included treatment of conditions prevalent among vulnerable populations. 23 We investigated nine clinical services: HIV care, tuberculosis care, antenatal care, women's health visits, acute care visits for adults and separately for children, noncommunicable diseases, malaria treatment and family planning. These services represented over three-quarters of the care provided.
Implementation
The project team implemented the costing activities in five steps. First, we engaged with stakeholders to minimize the disruption of services for the already under-resourced health facilities. The team held a series of meetings with administrators of Zanmi Lasante to determine which data collection methods would produce high-quality information with the least disruption and with limited staff and training. We relied on simplified paper-based timedriven activity-based costing form that the team had modified to capture only Evaluating the cost of health-care delivery in Haiti Ryan K McBain et al.
essential information for analysis. The costing form included information on patient characteristics, patient arrival time, patient wait time, patient consultation time, primary diagnosis, medicines prescribed and laboratories ordered time stamps for consultation times. The project team decided that the approach could capture a random cross-section of the patient population by having data clerks insert a costing form in every fifth patient's medical dossier on which the health-care provider would enter the information required. In return, the team promised that hospital administrations would receive key deliverables to inform and improve facility activities. These deliverables included process maps of each service, the amount of time, human and financial resources committed for clinical activities, the frequency of medicines and laboratory tests ordered for each conditions. Team members and appointed clinical staff at facilities also provided hospital administrations with result-based recommendations for improvements. This process also encouraged local collaboration, input and local ownership.
Second, we trained people involved in data collection. We held one-week training for all data collectors at Partners In Health's headquarters in Port-auPrince. Data collectors comprised of local Haitian staff within Zanmi Lasante, task shifted to perform activities from other clinical research projects approaching completion, as well as two new hires. Salaries were supported by grant-based funding for the duration of the project. We informed the data collectors about the data collection tools, including the costing form inserted into medical dossiers and a facility survey, which data collectors used to catalogue equipment and medical supplies throughout the facilities. Their responsibilities entailed entering data from these forms into an electronic database and submitting forms for review on a weekly basis. Separately, research staff held a one-hour session with administrators at each facility to inform about the project's objectives and which part of the costing form the project team expected the health-care providers to complete.
Third, we tried to ensure a high quality of the collected data. Given the importance of accurate time stamps in executing the method, the project purchased digital clocks to be placed in locations throughout the five health facilities. The project team held a twohour group meeting at each facility with health-care providers, laboratory and pharmacy staff to familiarize them to the data collection entry process. We placed a data collector at each facility to gather and screen the costing forms at the end of the day, who then could provide immediate feedback to any staff member who had entered any information incorrectly. Separately, data collectors recorded additional information concerning equipment, room dimensions and administrative staffing. Lastly, independent of patient-level information, a project manager interviewed departmental heads at the beginning of implementation to obtain supplemental inputs for the costing analysis. This included operational information, such as the number of hours different types of providers worked and overall staffing levels for provider types. Additionally, to ensure appropriate understanding of tasks, a project manager visited the health facilities on a weekly basis.
Fourth, data collectors manually entred all gathered information into a Partners In Health database each week and uploaded the data to an open source cloud-based data warehouse, by using CommCare (Dimagi, Cambridge, United States of America). 24 Research staff located outside Haiti accessed CommCare to review and analyse all data on a monthly basis. Analysis of data included identification of outliers and inconsistencies in data entry.
Fifth, to estimate cost for our nine selected outpatient services, we first calculated the capacity cost rate for each type of resource, personnel, equipment and space, used during a health-care visit. We did this by dividing the annual cost of each resource by the total number of minutes that the resource could be used per year. To obtain the total cost of the continuum of care for a patient, an automated system multiplied the electronically reported minutes for each resource used with its associated calculated capacity cost rate and presented it as a total sum of the patient visit. 12 We used an R script (R Foundation for Statistical Computing, Vienna, Austria) to automate the data analysis and a Shiny data visualization tool (RStudio®, Boston, USA). In addition, we used descriptive and inferential statistics for inputs, such as characteristics of the patient population and variation in wait time, by condition, by facility. To adjust for significant fluctuation in currency conversion from US$ to Haitian Gourdes, we used a composite average of live exchange rates between March 2015 and June 2016, valued at US$ 1.00 to 56.63 Haitian Gourdes. 25 We combined final cost estimates with process maps for individual health conditions and services and shared these with hospital administrations. The data visualization for all nine outpatient services across the five facilities are available at: https:// htdata.pih-emr.org/dhis/shiny/.
For patients presented with multiple complaints, we separated services that were inherently standardized, such as a routine HIV visit, from services that were more heterogeneous in presentation during the analysis and interpretation phase. For the latter, we combined conditions into higher-level clinical pathways, such as integrated management of childhood illness for acute conditions.
Results
From March 2014 to June 2015, we collected data from 7162 patients, with at least 1000 unique observations per facility ( Table 1 ). The sample size enabled us to analyse variations in time allocations and resources at the patient-, service-, and facility-level.
The cost of care for specific conditions varied widely across the five facilities, due to heterogeneity in staffing and resources. For example, the average cost of a first antenatal-care visit ranged from US$ 6.87 at a low-level facility (Boucan Carre) to US$ 25.06 at a highlevel facility (Hinche). Fig. 2 shows the patient-level costs for women's health visits at two facilities.
To show an example how to identify specific sources of variation in the roles that staff performed, how long they spent performing these roles and how often they prescribed medicines and ordered laboratory tests, we present the patient costs for antenatal care at two facilities (Fig. 3) . We found that the higher-level facility, Hôpital St Nicholas, had more staffing and time dedicated to processing laboratory work than the lower-level facility Lacolline. Hôpital St Nicholas also had highly-trained staff providing educational sessions to newly-pregnant women. Additionally, we found that health-care providers prescribed folic acid to more than 90% of the pregnant
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women at both facilities (429 out of 441 pregnant women received a prescription in Lacolline and 523 out of 550 in Hôpital St Nicholas). However, healthcare providers at Hôpital St Nicholas prescribed much more multivitamins to pregnant women than providers at Lacolline (97%; 533/550 versus 20%; 88/441, respectively). This finding allowed for Boston-based staff to make adjustments in the supply chain for transporting medicines to Haiti.
We performed a wide range of comparisons at macro-and micro-levels. At a macro-level, for example, we found that the ratio of health-care providers to patients ranged from 1:331 in at Hôpital St Nicholas, versus 1:1261 in Boucan Carre with the average consult time being 11 minutes at Hôpital St Nicholas versus 5 minutes at Boucan Carre. At a micro-level, we found that within facilities for specific conditions, average wait time, length of consultation and number of laboratory tests ordered varied as a function of patient arrival time. Patients who arrived earlier in the day waited longer, but received longer consultations and had more laboratory tests ordered.
Discussion
We found that lay health workers in low-resource settings can effectively implement the rigorous time-driven activity-based costing approach when they are supplied with appropriate orientation, training, resources and tools. Staff members were able to examine variations in process maps across facilities, for the same services and health conditions. Such comparisons allowed for identification of alternative, costsaving practices. Including for example, having patients return to their physician to review laboratory results on the same day of their initial visit cost less than having patients return the next day. An additional benefit of the approach was its capacity to project costs over time, based on redesigned clinical protocols, increased staffing and improved stock of medicines, as well as under scenarios, in which universal health coverage is met. Such as, demographic trends in population growth suggested that greater demand for antenatal care services will occur over the next several years. 26 The approach informed how staffing, infrastructure and supplies would need to be adjusted to accommodate the higher future service demands.
Understanding and managing costs in resource-poor settings like Haiti is of importance, given the scarcity of financial and clinical resources available for treating the populations. Partners In Health envisions using insights from this approach to introduce process efficiencies and optimize the staffing of its many facilities around the world, and the organization has already begun the process in Malawi and Rwanda. The organization will also use the approach to describe the return on investment of additional resourcing from governments and external funders. For instance, we recently incorporated the cost estimates from time-driven activity-based costing, in return on investment analyses presented to the Haitian President and health ministry and the estimates are Evaluating the cost of health-care delivery in Haiti Ryan K McBain et al.
now being used to inform decisionmaking on prioritized health conditions at a national level. 27 Historically, public health facilities in Haiti have struggled to institute a unified framework of cost recovery with the support of the central ministry, due to the heterogeneity in quality of care and type of service provision across facilities. Time-driven activity-based costing has acted to solidify a framework around which Partners In Health and the ministry can discuss provision of care in relation to costs.
Variation in care across sites highlighted several opportunities for improvement. We found for example, that certain facilities were under-prescribing medicines, not because health-care providers were unaware of the appropriate medicines and treatment regimens, but because of stock-outs. Solving this problem requires a more holistic restructuring of the health-service delivery system, such as supply chain management, to effectively address the primary causes.
28,29 Likewise, we found that short consultation times at several facilities were not the result of desirable process efficiencies, but indicators of low-quality processes associated with a shortage of human resources. This was of particular concern, as a growing body of evidence indicates that the simple and inexpensive act of talking more with patients leads to better outcomes and lower total costs. 30 Our results indicate that in settings of extreme resource scarcity, exercises like time-driven activity-based costing underscore the dearth of options available for system-level improvement. 12 This approach may serve to demonstrate what it would cost to achieve improved care and coverage and to leverage this information, to advocate for new investments by the international community.
We faced some logistic difficulties when implementing the costing approach. First, as found in other contexts, 31 consistent data collection and entry proved challenging, particularly in large facilities, due to the complex patient flow. In smaller health centres, patient tracking was more transparent and easier. Additionally, geographic barriers and poor internet connectivity delayed feedback loops at smaller, remote facilities. Despite these setbacks, overall fidelity to the protocol was high, due to supervisory staffing on the project. Also the 20% sampling rate yielded a large sample size for reliable data analysis.
A limitation to the approach was the heterogeneity in patient populations across the five facilities. Routine HIV care at a district-level hospital was likely treating a different group of patients, for example, those with complications, as compared to those seen at a lower-level facility. Data collection forms could have been modified to account for this. Additionally, we examined only outpatient services. While this represented the bulk of patient care, the data collection did not capture the more complex care delivered at higher-level facilities. An extension of this work might examine high-volume, high-cost inpatient services at the larger facilities as done in a previous Partners In Health project in Haiti. 32 Lastly, patient-level costs were not connected to patient-level outcomes. While this is a challenge even in highincome settings, longitudinal tracking of patients would have provided insights into the ways in which variations in services, and costs, were associated with outcomes.
The time-driven activity-based costing approach provides useful information with diverse applications. We believe that the information presented herein could offer a reference point to other service delivery organizations and health facilities implementing the approach. At the patient-level, the approach has the capacity to offer insights about sources of cost and clinical service variation, which in turn can enhance the quality of service delivery and im- • 
Resumen
Gastos basados en las actividades de la prestación de atención sanitaria en Haití
Objetivo Evaluar la implementación de un análisis de gastos basado en el tiempo invertido por actividad en cinco centros sanitarios comunitarios en Haití. Métodos Junto a las partes interesadas, el equipo del proyecto decidió que los profesionales sanitarios debían introducir los horarios del comienzo y el final de la consulta con el paciente en el dossier médico de uno de cada cinco pacientes. Formamos a un recopilador de datos por cada centro, que introdujo manualmente los registros de tiempo y las características de los pacientes en una base de datos, los cuales enviaba a un almacén de datos en la nube cada semana. Calculamos el coste de capacidad por minuto para cada recurso utilizado. Una plataforma automatizada en línea multiplicó el tiempo registrado por la tasa del coste de capacidad y proporcionó la información a los administradores de los centros sanitarios. Resultados Entre marzo de 2014 y junio de 2015, el proyecto registró los servicios clínicos a 7162 pacientes. El coste de la atención para condiciones específicas variaba considerablemente entre los cinco centros, debido a la heterogeneidad del personal y de los recursos. Por ejemplo, el coste medio de una primera consulta de atención prenatal variaba de 6,87 USD en un centro de bajo nivel a 25,06 USD en un centro de alto nivel. En los centros, observamos una variación similar en los costes, debido a factores como las comorbilidades de los pacientes, el tiempo de llegada del paciente, el almacenamiento de suministros en los centros y el tipo de consulta. Conclusión Los gastos basados en el tiempo invertido por actividad se pueden implementar en entornos con pocos recursos para orientar la toma de decisiones sobre asignación de recursos. Sin embargo, la medida en que esta información generará cambios notables a nivel de los pacientes, profesionales e instituciones depende de varios factores contextuales, incluidas las limitaciones presupuestarias, la gestión, las políticas y la economía política en que se encuentra el sistema de salud.
